Introduction
The human gut contains 10 11 to 10 12 bacteria per gram of stool.
This complex microflora is known for its microbial diversity and role in health and diseases [1] . Deciphering the gut microbiota has become a challenge in the twenty-first century [2] and has been attempted using different tools yielding increasingly complex results [3] . To date, more than 2000 different bacterial species belonging to the human gut microbiota have been reported [4] . In our laboratory, we have developed a new technique named culturomics to isolate previously uncultured human gut bacteria [5, 6] . Basically, stool samples are cultured under various conditions and all isolated colonies are identified using matrix-assisted laser desorption ionization-time of flight mass spectrometry (MALDI-TOF MS). Among bacterial isolates that fail MALDI-TOF MS identification, those that show sufficient 16S rRNA gene sequence divergence with species with standing in nomenclature are further characterized using the taxonogenomics strategy, which combines phenotypic assays and genome sequencing and analysis [3, 7] . In the present study, using the taxonogenomics approach, we describe the new genus Libanicoccus gen. nov. within the family Coriobacteriaceae. Strain Marseille-P3237 T (= CSUR P3237 = CCUG 71182) is the type strain of the new species Libanicoccus massiliensis gen. nov., sp. nov.
Material and methods
Ethics and sample collection A stool sample from a healthy 35-year-old pygmy woman was collected in Congo and preserved at -80°C for further analysis at the URMITE Laboratory (Marseille, France). The sample donor gave a signed and informed consent. The study was approved by the ethics committee of the Institut Fédératif de Recherche IFR48 (Marseille, France) under number 09-022.
Strain isolation
The stool sample was diluted in PBS (Life Technologies, Carlsbad, CA, USA) and pre-incubated for 3 days in a blood culture vial (BD BACTEC ® , Plus Anaerobic/F Media, Le Pont de Claix, France) supplemented with 5 mL of sheep blood and 5 mL of filter-sterilized rumen at 37°C. Then, the culture suspension was inoculated on 5% sheep blood-enriched Columbia agar (bioMérieux, Marcy l'Etoile, France) and incubated at 37°C in anaerobic atmosphere.
MALDI-TOF MS and 16S rRNA gene sequencing identification
The individual identification of isolated colonies was first attempted using MALDI-TOF MS, as previously described [5, 6] . The reference spectrum obtained for each colony was compared with the Bruker database using the MALDI BIOTYPER software version 3.0 (Bruker Daltonics, Bremen, Germany). Any score <1.9 was considered unreliable. In this case, colonies were subjected to 16S rRNA gene amplification and sequencing, using a GeneAmp 2720 thermal cycler (Applied Biosystems, Foster City, CA, USA) and an ABI Prism 3130xl Genetic Analyzer capillary sequencer (Applied Biosystems) as previously described [8] . Each 16S rRNA nucleotide sequence was compared with the nr database of the National Center for Biotechnology Information using the BLAST software (https:// blast.ncbi.nlm.nih.gov/). We used the 16S rRNA sequence similarity thresholds of 95% and 98.65% proposed by Kim et al. to consider bacterial isolates as putatively belonging to a new genus or a new species without performing DNA-DNA hybridization [9] . Finally, to determine the phylogenetic position of strain Marseille-P3237 with regard to species with standing in nomenclature, its 16S rRNA gene sequence was compared with the 16S rRNA database of the 'All-Species Living Tree' project of Silva (LTPs121) [10] . Sequence alignment was obtained using Muscle [11] and phylogenetic relationships were inferred with the maximum-likelihood method within the FastTree software [12] .
Growth conditions
Culture of strain Marseille-P3237 was attempted using several conditions to determine its optimal growth requirements. First, strain Marseille P3237 was inoculated on 5% sheep bloodenriched Columbia agar (bioMérieux) and incubated in aerobic, micro-aerophilic and anaerobic conditions at 28, 37, 45 and 55°C. The GENbag anaer and GENbag microaer systems (bioMérieux) were used to evaluate the bacterial growth in anaerobic and microaerophilic atmospheres, respectively. In addition, optimal halophily and pH were estimated using 0, 5, 15 and 45% NaCl concentrations and pH values of 6, 6.5, 7 and 7.5, respectively.
Morphological and biochemical assays
The API 20A, API ZYM and API 50CH strips (bioMérieux) were used to biochemically characterize strain Marseille-P3237. Sporulation ability was tested after exposing a bacterial suspension to a thermic shock at 80°C for 10 min. Motility was evaluated using a DM1000 photonic microscope (Leica Microsystems, Nanterre, France) with a 1000× magnification. Cell morphology was observed using electron microscopy and the following protocol. Bacteria were fixed with 2.5% glutaraldehyde in 0.1 M cacodylate buffer for at least 1 h at 4°C. Then, a drop of cell suspension was deposited for approximately 5 min on glow-discharged formvar carbon film on 400-mesh nickel grids (FCF400-Ni, EMS). The grids were dried on blotting paper and cells were negatively stained for 10 seconds with a solution of 1% ammonium molybdate in filtered water at room temperature. Electron micrographs were acquired with a Tecnai G20 Cryo (FEI) transmission electron microscope operated at 200 keV.
Fatty acid methyl ester analysis Cellular fatty acid methyl ester analysis was performed by gas chromatography/mass spectrometry. Two samples were prepared with approximately 21 mg of bacterial biomass per tube, harvested from several culture plates. FAME analysis was carried out as previously described [5] .
Antibiotic susceptibility testing
The antibiotic susceptibility of strain Marseille-P3237 was assessed using the E-test method for the following molecules: benzylpenicillin, amoxicillin, cefotaxime, ceftriaxone, imipenem, amikacin, erythromycin, daptomycin, rifampicin, minocycline, teicoplanin, vancomycin, colistin and metronidazole (bioMérieux).
Genomic DNA extraction and genome sequencing Genomic DNA (gDNA) of strain Marseille-P3237 was extracted as previously described [5] . A final concentration of 67.8 ng μL was measured with the Qubit assay and the high sensitivity kit (Life Technologies, Carlsbad, CA, USA). Afterwards, gDNA was sequenced on a MiSeq sequencer (Illumina, San Diego, CA, USA). Briefly, 1.5 μg of gDNA was used for mate-pair library preparation using the Nextera mate pair Illumina guide (Illumina). After tagmentation and fragmentation of the gDNA with a mate-pair junction adapter, the fragmentation pattern was confirmed using an Agilent 2100 BioAnalyzer (Agilent Technologies Inc, Santa Clara, CA, USA) with a DNA 7500 labchip. The DNA fragments ranged in size from 1.5 kb up to 11 kb with an optimal size at 5.282 kb. No size selection was performed and 191.8 ng of tagmented fragments were circularized. Mechanical shearing of the circularized DNA was performed with an optimal size of 1261 bp on the Covaris device S2 in T6 tubes (Covaris, Woburn, MA, USA). Library profile visualization was performed on a High Sensitivity Bioanalyzer LabChip (Agilent Technologies Inc) and the final concentration library was detected as 0.7626 nmol/L. Libraries were normalized to 2 nM, followed by a denaturation step and dilution to reach a 15 pM concentration. An automated cluster generation and sequencing run were performed in a single 39-h run in a 2 × 251-bp. Total information of 11.1 Gb was obtained from a 1332 K/mm 2 cluster density with a cluster passing quality control filters of 87.9% (21 937 000 passing filter paired reads). Within this run, the index representation for strain Marseille-P3237 was determined to be 3.05%. The 668 978 paired-reads were trimmed and then assembled. The genome of strain Marseille-P3237 was assembled, annotated and compared with other closely related species as previously described [5] . The genomic comparison included Olsenella profusa (GenBank accession number NZ_AWEZ00000000.1), Olsenella uli (NZ_JQCO00000000.1), Slackia exigua (ACUX00000000), Atopobium vaginae (NZ_ACGK00000000.2), Atopobium parvulum (NC_013203.1), Atopobium rimae (NZ_ACFE00000000.1), Atopobium minutum (NZ_AGXC-00000000.1), Collinsella tanakaei (NZ_ADLS00000000.1) and Collinsella intestinalis (NZ_ABXH00000000.2).
Results and discussion
Strain identification and phylogenetic analysis The identification of strain Marseille-P3237 using MALDI-TOF MS failed. The generated reference mass spectrum ( Fig. 1 ) was added to the URMS database (http://www.mediterraneeinfection.com/article.php?larub=280&titre=urms-database). Strain Marseille-P3237 exhibited a 93.05% sequence identity with O. uli (GenBank accession number AF292373), the phylogenetically closest species with a validly published name (Fig. 2 ). This 16S rRNA gene sequence divergence being greater than 5%, we investigated whether strain Marseille-P3237 could be the representative strain of a new species within a new genus (Table 1 ) [13] . The 16S rRNA gene sequence from strain Marseille-P3237 was submitted to EMBL-EBI under accession number LT598582. The MALDI-TOF MS spectrum of strain Marseille-P3237 was compared with those of other members of the Coriobacteriaceae family (Fig. 3 ).
Phenotypic and biochemical characterization
Strain Marseille-P3237 grew at an optimal temperature of 37°C under anaerobic conditions (Fig. 4) . No growth was observed in aerobic or microaerophilic atmospheres. It also tolerated a pH range between 6 and 8.5 but could not sustain NaCl concentrations >5 g/L. In optimal culture conditions, bacterial colonies were dark white and rough, with a diameter of 0.8-1.2 mm. Cells of strain Marseille-P3237 were not motile, unable to sporulate, Gram-negative cocci. They were also catalase-and oxidase-negative. Using electron microscopy, bacterial cells had a mean diameter of 1.06 μm (Fig. 5) .
Using an API 20A strip, strain Marseille-P3237 could hydrolyse esculin but could neither produce indole nor hydrolyse gelatine. In addition, it was urease negative and could not acidify D- Using an API ZYM strip, strain Marseille-P3237 exhibited α-fucosidase, alkaline phosphatase, acid phosphatase, esterase lipase (C8), Valine arylamidase, Leucine arylamidase and naphthol-AS-BI phosphohydrolase activities but was negative for α-galactosidase, β-galactosidase, α-chymotrypsin, β-glucuronidase, α-glucosidase, β-glucosidase, esterase (C4), N-acetyl-β-glucosaminidase, lipase (C14), Cystine arylamidase, trypsin and α-mannosidase activities.
Using an API 50CH strip, the following sugars were fermented: D (Table 2) .
The major fatty acid found for this strain was 9-octadecenoic acid (18:1n9, 38%). The other most abundant fatty acids were the saturated structures hexadecanoic acid (16:0, 28 %) and octadecanoic acid (18:0, 11 %) ( Table 3) teicoplanin, vancomycin, colistin and metronidazole, respectively.
Genome properties
The genome from strain Marseille-P3237 is 2 009 306-bp long with a 65.46 mol% G+C content (Table 4) . It is composed of one scaffold (two contigs). Of the 1805 predicted genes, 1747 are protein-coding genes and 58 are RNAs (two complete rRNA operons and an additional 5S rRNA and 51 tRNA genes). A total of 1375 genes (78.71%) are assigned a putative function (by BLAST against COGs or nr). A total of 108 genes are identified as ORFans (6.18%). The remaining 216 genes are annotated as hypothetical proteins (12.36%, Table 4 ). A graphical representation of the genome is depicted in Fig. 6 . The distribution of genes into COG functional categories is presented in Table 5 .
Genomic comparison
The compared distribution of functional classes of predicted genes from strain Marseille-P3237 and closely related species, according to the COGs database, is represented in Fig. 7 . The   FIG. 3 . Gel view comparing Libanicoccus massiliensis gen. nov., sp. nov. strain Marseille-P3237 T with other closely related species. The gel view displays the raw spectra of loaded spectrum files arranged in a pseudo-gel like look. M/z values are shown on the x axis and the left y-axis represents the running spectrum number originating from subsequent spectra loading. The peak intensity is expressed by a Grey scale scheme code. The right y-axis indicates the relation between the colour of a peak and its intensity, in arbitrary units. 
FIG. 4.

Conclusion
On the basis of phenotypic, biochemical, genomic and phylogenetic results, we formally propose the creation of the new genus Libanicoccus gen. nov., with Libanicoccus massiliensis Colonies are dark white and rough with a diameter of 0.8-1.2 mm on blood-enriched Columbia agar. Strictly anaerobic. Mesophilic. Can grow at a pH range of 6.0 to 8.5 but cannot grow at NaCl concentrations >5 g/L. Cells are Gramnegative cocci with a mean diameter of 1.06 μm. Not motile and non-sporulating. Catalase, oxidase and indole negative.
Using an API 20A strip, strain Marseille-P3237 could hydrolyse esculin but not gelatin. In addition, it was urease negative and could not acidify D- The major fatty acid is 9-octadecenoic acid (18:1n9, 38 %), followed by hexadecanoic acid (16:0, 28 %) and octadecanoic acid (18:0, 11 %).
The 16S rRNA gene and genome sequences are deposited in the EBI/EMBL database under accession numbers LT598582 and LT671675, respectively. The G+C content of the genome is 65.46%. Habitat: human digestive tract. Type strain Libanicoccus massiliensis strain Marseille-P3237 T (= CSUR P3237 = CCUG 71182).
